, the Spiegelman group 1 might have once again caught a big 'fat' fish by explaining why classical PPARγ drug discovery was poised to fail. The research community was fishing with the wrong bait. Indeed, Choi and colleagues' results 1 seriously question the screening strategies of the drug industry to identify extremely potent PPARγ activators, which were not necessarily more potent insulin sensitizers.
Targeting PPARγ should now be a rather straightforward strategy and could lead to compounds that induce conformational changes in the PPARγ protein, activate it in moderation and, most importantly, fully remove its phosphorylation mark 14 . Such compounds could still reprogram the expression of crucial metabolic gene sets, but should lack the typical PPARγ side effects caused by full activation of this receptor. Also, although several effective CDK5 inhibitors exist (including roscovitine), we would favour a drug that specifically affects PPARγ; complete inhibition of CDK5 would also interfere with its other functions, for instance, in the central nervous system 15 
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Broad-brush cosmos
Chris L. Carilli
An innovative way of mapping the large-scale structure in the Universe sidesteps the need to observe millions of galaxies individually. The approach holds promise for both astrophysical and cosmological studies.
The study of large-scale structure in the Universe -the distribution of galaxies on scales approaching a billion light yearshas been an important diagnostic tool in the development of cosmological models and the determination of the mass-energy content and geometry of the Universe 1 . The standard observational approach has involved painstaking surveys of individual galaxies over large cosmic volumes, culminating in the Sloan Digital Sky Survey 2 , which has catalogued a million galaxies to look-back times of a few billion years (redshifts of about 0.3). On page 463 of this issue, Chang et al. 3 pioneer a different approach to the study of large-scale structure, termed intensity mapping.
Using low-resolution, low-frequency observations, the authors 3 detect the summed 21-centimetre radio emission by neutral atomic hydrogen (HI) from aggregates of thousands of galaxies at large look-back times (redshift about 1). By smoothing this radio emission over large cosmic volumes, they bypass the need to detect individual galaxies, and determine the large-scale structure directly from the smoothed signal. Although the result is not quite ready for 'prime-time' cosmology, the demonstration of this technique has great promise for future studies of the evolution of large-scale structure with cosmic epoch.
The study of the evolution of large-scale structure has attained new relevance in the past few years, for two reasons. The first is the discovery, using distant stellar explosions called supernovae as standard candles, that the mass-energy content of the Universe since redshift around 1 is dominated by a mysterious 'dark energy' , which is thought to accelerate cosmic expansion 4 . The second is the detection of the primordial 'baryon acoustic oscillations' (BAO).
The BAO result from sound waves that propagated through the hot plasma of photons, protons and electrons in the early Universe (redshift greater than about 1,000), and left their signature in temperature maps of the cosmic microwave background radiation, the relic photons from the Big Bang 5 . The Sloan survey has detected the echo of these sound waves imprinted on the galaxy distribution in the nearby Universe 6 on a scale of 100 million parsecs (100 Mpc). The BAO, being of known intrinsic size, provide a 'standard ruler' that can be used to study the change in cosmic geometry over billions of years. Such measurements then dictate the evolution of cosmic expansion, and hence the nature of dark energy 7 . Unfortunately, current galaxy surveys are insufficient to probe the BAO to the distances required to address this fundamental question in cosmology. Chang and colleagues' approach 3 offers an alternative that has the potential for tracing the BAO to unprecedented look-back times.
The authors used the sensitive Green Bank Telescope in West Virginia to map the 21-cm light emitted by HI in distant galaxies; this radiation is released by the atom when it undergoes the 'hyperfine' energy transition. The combined spatial and spectral resolution of this HI intensity map corresponds to a volumetric resolution element of about 40 cubic Mpc. On its own, the current map has insufficient sensitivity to search for large-scale structures directly, let alone to detect the BAO. However, by combining and comparing it with the DEEP2 optical galaxy redshift survey 8 , the authors are able to detect the summed HI 21-cm signal from optically selected galaxies in the large cosmic volume probed. In this way, they derive a mean atomic neutral-gas content at redshift 1 -which applies at least to galaxies selected by their optical emission. This, in itself, has interesting astrophysical implications. But perhaps the most important result from their study is the development of the technique of intensity mapping itself -which, curiously, has a link to the world of art (Fig. 1) .
Although the method is, in principle, straightforward, there are a number of daunting observational challenges. The first is the strong broadband (continuum) emission that permeates the sky at low radio frequencies. This emission comes both from our Galaxy, in the form of a smooth spatial component, as well as from myriad extragalactic point sources (galaxies and quasars), and it is many orders of magnitude stronger than the expected HI 21-cm signal. Chang and colleagues 3 are able to remove it successfully from their HI maps by using a clever technique known as nonparametric single-value decomposition. The second challenge is radio interference (mostly man-made), for which the authors use filtering techniques based on the polarization properties of terrestrial signals. Overall, their techniques provide hope that future observations will be able to reach the required sensitivity to map the large-scale structure, and detect the BAO, directly with HI 21-cm intensity mapping.
Beyond cosmology, there is astrophysical interest in determining the evolution of the neutral-gas content of galaxies. In essence, galaxy formation (to an astrophysicist) entails the conversion of gas to stars over cosmic time.
The most naive assumption is that, at some point in the past, galaxies were mostly gas, which fuels star formation. But observations of this phenomenon have presented a puzzle. It is now well quantified that the cosmic starformation rate per unit volume a few billion years ago was an order of magnitude higher than it is today. In effect, we live in a relatively boring cosmic epoch, and things promise to become more boring with time. However, indirect measurements of the evolution of the cosmic HI mass density, through studies of HI Lyman-α absorption lines in the spectra of quasars and galaxies, show essentially no change in the HI mass density over this same cosmic time range and beyond 9 . This suggests that the gas collects in mostly molecular form (H 2 ), or that the neutral atomic gas is simply seen during a phase transition as it accretes onto galaxies from the ionized intergalactic medium (or some combination thereof 10 ). Chang and colleagues' intensity mapping technique, coupled with surveys of optical galaxies, provides an alternative means of measuring the mean HI mass density in the distant Universe. Their result 3 represents an independent confirmation of the Lyman-α absorption measurements, supporting the conclusion that the cosmic HI mass density is roughly constant with redshift.
The detection of neutral hydrogen in galaxies at large cosmic distances has been a major science driver for the future Square Kilometre Array (SKA) radio telescope. Indeed, the measurement of the BAO by large surveys of HI 21-cm radio emission from distant galaxies is one of the key science projects for the SKA Climate change is affecting natural systems, as is clear from the ample data on shifts in the seasonal timing -the phenology -of reproduction and migration, and in body size and species' distribution ranges 1 . Evidence that climate change is affecting population numbers is less abundant; variations in population size can have many causes. On page 482 of this issue, however, Ozgul and colleagues 2 describe just such a connection.
Ozgul et al. have studied the impact of climate change on the demographic processes affecting population numbers of yellow-bellied marmots (Marmota flaviventris, pictured on the cover). These rodents live in a subalpine habitat in the United States and spend the winter hibernating. Climate change has led to a shift in the marmots' phenology of hibernation and reproduction: they now emerge earlier in spring and also wean their young earlier. As a consequence, their growing season has become longer, and they are heavier before they begin hibernation. Such shifts in phenology have been shown many times, but Ozgul et al. take matters further by assessing the effect that the increase in mass has had on various demographic rates, such as winter survival and probability of reproduction. These demographic effects are then used to explain the sharp, threefold increase in marmot numbers from the year 2000 onwards.
The authors show that the marmots' demographic rates are affected in two ways by climate change. The first is a straightforward effect of the increased mass preceding hibernation. This mass directly affects winter survival, so more animals are surviving. But the second is more subtle: climate change also affects the relationship between mass and demographic processes. For instance, adult winter survival has been more strongly dependent on mass in more recent, warmer years, but, on top of that, animals have also survived better over the entire range of hibernation masses during this period than in the past. Both factors have influenced the overall increased survival. The authors use the combined effects to explain the population increase. It is fascinating that these links between phenotype and demographic processes are altering owing to climate change.
